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RTCC REQUIREMENTS FOR MISSION G: 

NONFREE-RETURN MODES OF T F  
1 -  

TRANSLUNAR MIDCOURSE CORRECTION PROCESSOR 

By Quentin A. Holmes 

SUMMARY AND INTRODUCTION 

There are two s i tua t ions  i n  which it i s  des i rab le  t o  r e l ax  t h e  
f ree- re turn  cons t ra in t  on t ranslunar  t r a j e c t o r i e s .  The f irst  s i t u a t i o n  
occurs when t ranslunar  i n j ec t ion  i s  so far from nominal t h a t  a lunar 
o r b i t a l  mission which uses f ree-return t r a j e c t o r i e s  i s  impossible. For 
some of these  cases ,  it i s  possible  t o  salvage a lunar o r b i t a l  mission 
by t h e  use of a nonfree-return t r a j ec to ry .  The second, and more in t e r -  
e s t ing ,  s i t u a t i o n  occurs i n  t h e  hybrid mission p r o f i l e  ( r e f .  1). 
t h i s  p r o f i l e ,  t h e  TLI maneuver i s  made t o  place t h e  spacecraft  on a free-  
r e tu rn  t r a j e c t o r y  with a high pericynthion a l t i t u d e ;  a f t e r  t ranspos i t ion  
and docking i s  completed, a planned midcourse maneuver i s  made which 
t r ans fe r s  t h e  spacecraf t  t o  a nonfree-return t r a j e c t o r y  with a pericyn- 
th ion  a l t i t u d e  of approximately 60 n. m i .  Compared t o  f ree-return m i s -  
s ions ,  t h e  hybrid p r o f i l e  a f fords  subs t an t i a l  performance gains because 
t h e  spacecraf t  t r a v e l s  slower a t  t h e  start of LO1 and because 9 

I n  

i s  less 
constrained. PC 

The nonfree BAP options of t h e  real-time midcourse processor a r e  
designed t o  m e e t  these  needs. 
option 4, a f ixed  o r b i t  nonfree-return BAP; and option 5, a free o r b i t  
nonfree-return BAP. 
ence 2 for options 4 and 5 a r e  presented i n  the  flow diagrams. 
formulation i s  based on t h e  vector o f f s e t  method f o r  simulation of i n t e -  
grated t r a j e c t o r i e s  with a conic t r a j e c t o r y  computer. 

during a t rans lunar  coast .  

Two d i s t i n c t  options are available: 

Revisions of t h e  formulation presented i n  refer- 
The new 

This technique 
L makes it possible  t o  reoptimize rap id ly  and accurately a lunar mission 

J 
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ABBREVIATIONS 

AZM azimuth 

BAP bes t  adaptive path 

DPS descent propulsion system 

G . m . t .  Greenwich mean t i m e  

HT height 

INCL 

INT 

LAT 

LONG 

LLS 

LM 

LO1 

LPO 

MCC 

MJ3D 

PC 

RTCC 

SEA 

SPS 

TEI 

TLI 

TLMC 

inc l ina t ion  

in tegra ted  

l a t i t u d e  

longitude 

lunar  landing s i te  

lunar  module 

lunar  o r b i t  inser t ion  

lunar  parking o r b i t  

midcourse correct ion 

manual en t ry  device 

plane change 

Real-Time Computer Complex 

sun elevat ion angle 

service propulsion system 

t ransear th  in j ec t ion  

t ranslunar  i n j e c t  ion 

f irst  guess log ic  (backward i t e r a t o r )  for AV, Ay, A$ 
of t h e  mission maneuver 

c 
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SYMBOLS 

T 

r radius  

S '  aux i l i a ry  state 

X ,  Y ,  Z 

f ,  1, i 

Cartesian components of pos i t ion  vector  

Cartesian components of ve loc i ty  vector 

V ve loc i ty  

Y f l ight-path angle 

+ azimuth 

A change 

T time 

Subscripts : 

P C  pericynthion 

nd node 

I i n t  egkat ed 

TRANSLUNAR FLIGHT TIME 

Specif icat ion of pericynthion l a t i t u d e  and a l t i t u d e  does not determine 
t ranslunar  f l i g h t  t i m e  on a nonfree-return t r a j ec to ry .  
these  spec i f ica t ions  plays a key r o l e  i n  t h e  performance gains afforded by 
nonfree-return t r a j e c t o r i e s .  
termined by two considerations.  The f irst  consideration i s  crew sa fe ty ,  
and t h e  second consideration i s  proper l i gh t ing  a t  the  t i m e  of lunar  
landing. Translunar f l i g h t  t i m e  i s  closely associated with pericynthion 
pos i t ion  and ve loc i ty .  For a given inc l ina t ion  a t  pericynthion, t i m e  t o  
t h e  node can be bounded (min AT 

Lack of need f o r  

The range of acceptable f l i g h t  times i s  de- 

max AT ) t o  enforce the  DPS abort  
DPS ' DPS 

r a i n t .  If t h e  range i s  not v io la ted ,  then t h e  LN DPS has t h e  a b i l i t y  
t o  t r a n s f e r  t h e  spacecraf t  t o  a free-return t r a j ec to ry  sho r t ly  after per i -  
cynthion i s  passed. Sun elevat ion at lunar landing i s  determined by t h e  
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G . m . t .  of LM touchdown. The accept range of SEA at  lunar landings 
i s  entered as a range i n  G.m. t .  

max ATSEA) f o r  t i m e  t o  t h e  node axe obtained by use of t h e  nominal d e l t a  

t i m e  i n  LPO t o  f irst  pass.  The range used by t h e  program insures t h a t  
both t h e  DPS and t h e  l i gh t ing  cons t ra in ts  are s a t i s f i e d .  
lower l i m i t s  on t ranslunar  f l i g h t  t i m e  can be overridden by a MED. 

The Corresponding l i m i t s  (min ATSEA, 

The upper and 

A polynomial 6 (AT) i s  used t o  pred ic t  t h e  optimum t i m e  t o  t h e  
node. This polynomial ( r e f .  3) was constructed f o r  use with midcourse 
correct ions t h a t  occur within 20 hours of TLI ;  it i s  used i n  t h e  f irst  
guess logic  whenever t h e  value t h a t  it predic t s  fa l ls  within t h e  range 
of acceptable values.  The difference between nominal t i m e  of t h e  node 
and expected t i m e  of t h e  node 
ve loc i ty  and longitude t o  start  t h e  f irst  guess log ic .  

6T i s  used t o  estimate pericynthion 

NETHOD 

The underlying assumption of t h e  vector  o f f se t  method i s  t h a t  t h e  
difference between two conic t r a j e c t o r i e s  is a c lose  approximation of 
t h e  difference between t h e  corresponding p a i r  of in tegra ted  t r a j e c t o r i e s .  
For f u l l  mission optimization, a ve loc i ty  o f f s e t  i s  applied 
at  each end of t h e  t ranslunar  t r a j ec to ry .  
PC, and TEI maneuvers t o  be optimized as a set by t h e  use of conic tra- 
j ec to r i e s .  Moreover, t h e  r e su l t an t  nodal conditions (H 
T 

This permits t h e  MCC, LOI,  

nd’ ‘nd’ And’ 
) are  optimum f o r  in tegra ted  t r a j e c t o r i e s .  nd 

Based on a state vector i n  t ranslunar  coas t ,  a midcourse maneuver 
i s  computed t o  t r ans fe r  t h e  spacecraf t  t o  a con ic ’ t r a j ec to ry  which 
satisfies a l l  mission cons t ra in ts  ( f u l l  mission s e l e c t ) .  
grated midcourse maneuver i s  ta rge ted  t o  t h e  conic node. 

N e x t ,  an in te -  

A s  f a r  as t h e  midcourse maneuver i s  concerned, t h e  discrepancy 

An aux i l i a ry  
between conic and integrated t r a j e c t o r i e s  i s  r e f l ec t ed  i n  t h e  difference 
i n  t h e i r  respect ive midcourse maneuvers (Ak, A?, A i ) .  
state S ’  i s  b u i l t  according t o  

S’  = S2C - A i ,  - A?I - A i I  (1) 

where S2C Is t h e - s t a t e - v e c t o r  t h a t  r e s u l t s  after t h e  conic midcourse 
and where AXI, AYI, AZ, are in tegra ted  values.  P r io r  t o  optimization 

b 

d 
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S I  i s  subs t i t u t ed  f o r  t h e  premidcowrse state; t h e  AV, Ay, and A$ 
required t o  regain S2C a r e  computed and are used as f i rs t  guesses 
f o r  t h e  midcourse maneuver. 

A t  LOI,  t h e  discrepancy between conic and in tegra ted  t r a j e c t o r i e s  
i s  only i n  t h e  magnitude and d i r ec t ion  of t h e i r  respect ive ve loc i ty  
vectors  a t  t h e  common node. 

A ve loc i ty  o f f s e t  (A?', A?", A i l ' )  at LO1 i s  computed according t o  

A?' = (S3I - S3C)y component 

A i "  = (S3I - S3C)i component 

(3) 

( 4 )  

During optimization, t h e  o f f s e t  i s  made ava i lab le  t o  t h e  t r a j e c t o r y  
computer. 
before t h e  LO1 maneuver i s  computed. 
full-mission optimization of t h e  midcourse correct ion,  t h e  LO1 maneuver, 
lunar  o r b i t  plane change, and t ransear th  in j ec t ion  t o  be performed using 
conic t r a j e c t o r i e s .  

A f t e r  conic propagation t o  t h e  node, t h e  o f f s e t  i s  applied 
This o f f s e t  permits a coupled 

Because t h e  t ranslunar  f l i g h t  t i m e  changes due t o  optimization, 
t h e  o r i g i n a l  o f f s e t s  may be s l i g h t l y  i n  e r ror .  
as a d i f fe rence  between t h e  predicted and t h e  ac tua l  cha rac t e r i s t i c  
ve loc i t i e s  of t h e  MCC and LO1 maneuvers. When appropriate,  revised 
o f f s e t s  a r e  b u i l t  with t h e  new end conditions,  and t h e  optimization is  
repeated. 

This e r ro r  i s  manifested 

OPTION 4 - FIXED ORBIT NONF'REE-RETURN BAP 

The s t eps  involved i n  computation of a nonfree-return BAP with a 
f ixed  lunar  o r b i t  a r e  shown i n  flow chart  1. The p r inc ipa l  changes 
f r o m t h e  flow chart  given i n  reference 2 are t h e  use of o f f se t  vectors  
during t h e  conic optimization and t h e  introduct ion of an integrated 
and t 
mission s e l e c t .  
deleted from t h e  independent var iab le  array.  
c h a r a c t e r i s t i c  v e l o c i t i e s  predicted f o r  t h e  MCC and LO1 are within 1 fps  
of t h e  in tegra ted  MCC and LO1 maneuvers. 
computed and optimization i s  repeated. 

XYZ 
s t ep  (needed t o  bui ld  t h e  o f f s e t s )  immediately after conic f u l l  

I n  addi t ion,  f l ight-path angle at t h e  start of LO1 w a s  
The program e x i t s  i f  t h e  

Otherwise, new o f f s e t s  a r e  
Only one such recycle  i s  permitted. 
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OPTION 5 - FREE ORBIT NONFREE-RETURN BAP 

Analogous changes were made t o  t h e  free o rb i t  nonfree-return BAP. 

The s t eps  involved i n  
I n  addi t ion,  f l ight-path angle a t  t h e  start of LO1 was deleted from t h e  
independent var iab le  a r ray  during optimization. 
the computation of a nonfree-return BAP with a free lunar  parking o r b i t  
are given i n  flow chart  2. 
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Option 4: Fixed orbit nonfree-return BAP 

. ,. _. - - .  . 

Step 1 I 
1 

,Converge conic TLMC by use of nominal pericynthion state 

? 

Independent variables Value Step size Weight 

Scalar velocity at pericynthion ** 9 1564 512 

Azimuth at pericynthion 270° (4 1564 512 

Longitude at pericynthion *** 9 1564 512 

Time of pericynthion minhmax DPS time, MAX SEA time, 6(AT)]  Not triggered 

Dependent variables Minimum Maximum Class designator 

X Premidcourse k0.0657 n. mi. 1 

Y Premidcourse k0.0657 n. mi. 1 

Z Premidcourse LO .0657 n. mi. 1 

pc - .0022(6T) ** computed as v = 418406305 + .5530824/r 

'*** computed as x = 3.1 - 0.25(61) 
f 

Flow chart 1 .- Fixed orbit nonfree-return BAP 



Step 2 I 
Coverge a conic f u l l  mission ( s e l e c t  mode only) 

Independent var iab les  Value Step s ize  

Delta azimuth TEI Nomi n a1 4 1544 
Delta ve loc i ty  TEI Nominal 4 1544 
Time i n  lunar  o r b i t  Nominal 4 1544 
Delta t i m e  t o  1st pass Nominal 4 1574 
Delta azimuth LO1 
Delta azimuth MCC 
Delta gamma MCC 
Delta ve loc i ty  MCC 

Dependent var iab les  

HT of pericynthion 
I N C L  of pericynthion 
HT of lunar  o b r i t  
LAT of lunar  landing 

LONG of lunar  landing 

AZM over lunar  land- 

s i t e  

s i te  

ing s i t e  

Delta t i m e  t o  node 

Transearth f l i g h t  
t i m e  

INCL of powered 

Delta long of 

HT of en t ry  

r e tu rn  

ea r th  landing 

Nominal (p 1564 
Step 1 4 1564 
Step 1 4 1544 
Step 1 9 1544 

Minimum Maximum Weight 

40 n. m i .  100 n.  m i .  1 
1 8 2 O  64 goo 

Nominal f.5' n. m i .  
Nominal f . 0l0 -- 

-- 

Nominal rt .0l0 -- 
Nominal f .0l0 -- 

Lower l i m i t :  
max( min AT,,, Min AT sea ) '-2 h r  

o .125 

Upper l i m i t :  
) +2 hr Max ATsea min (max ATDpS 

(Nominal 58 hr 0.125 
-6T) 

O0 40° 0.125 

-0.2O +o. 2O -- 
Nominal 21.735 n. m i .  -- 

Weight 

8 
1 
10-6 

1 
8 
8 

10-3 

a 

Class 
designator 

1 

1 

0 

Flow Chart 1.- Continued. 

1 

1 
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Step 4 

Step 3 

Independent var iables  Value Step s i z e  Weight 

~~~ ~ 

v 

Scalar  ve loc i ty  a t  the  node Step 2 4 1564 512 
Azimuth a t  t h e  node Step 2 0 1564 512 
Longitude of t he  node Step 2 Q 1564 512 
Time  of t h e  rlode Step 2 Not t r iggered  

Dependent var iab les  Minimum Class 
de s ignat  or Maximum 

X Premidcourse pos i t ion  -10.657 n. mi. 1 
Y Premidcourse posi t ion -10.657 n. mi, 1 
z ,  Premidcourse posi t ion -10.657 n. m i .  1 

, Delta azimuth MCC 
Delta gamma MCC 
Delta ve loc i ty  MCC 
T ime  of t h e  node 

Dependent variables 

HT of node 
LAT of node 
LONG of node 
INCL of pericynthion 

I 

Step 3 
St’ep 3 
Step 3 
Step 

Step 2 
Step 2 
Step 2 
goo 

Q 1544 512 
Q 1544 512 
0 1524 5 12 

Not t r iggered  

1 -10.5 n. m i .  -- 
-10. 0l0 -- 1 
-10. 0l0 -- 1 
182O 64 0 

Flow chart  1.- Continued. 



10 

co 

Program needs : 

For MCC o f f s e t  ; 

S1 - premidcourse state 
S2C - conic postmidcourse s t a t e  

Ai,, At1, Ai, - in tegra ted  midcourse cor rec t ion  

(a )  s f  = s2c - ~i~ - A?, - ~ i ,  
(b) new first guesses AVI, Ay', A + '  f o r  t h e  MCC var iab les  

according t o  S2C = SI (polar  form) + AVf + Ayl + A+' 

For LO1 o f f s e t ;  

S3C - conic state a t  t h e  start of LO1 

S31 - INT state at t h e  start of LO1 

Ai" = (531 - S3C); component 

'3' component A?" = (S3I - 
Ai" = (S3I - S3C); component 

Flow chart  1.- Continued. 
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\ 

Step 5 
Y 

With conic t r a j e c t o r i e s ,  optimize mass after TEI by use of S I  as t h e  state 
vector and by o f f s e t  of t h e  state a t  start of LO1 pr ior  t o  computation 
of LO1 maneuver. 

I 

Step 2 
Step 2 
Step 2 
Step 2 
Step 4 
A+ ‘ 
AY ‘ 
AV 1 

6 1544 
6 1544 
6 1544 
4 1574 
6 1564 
6 1564 
4 1544 
4 1544 

8 
1 
10 -6 
10 -3 
1 
512 
512 
512 

Independent var iables  Value Step s i z e  Weight 

Delta azimuth TEI 
Delta ve loc i ty  TEI 
Time i n  lunar  o r b i t  
Delta t i m e  t o  1st pass 
Delta azimuth LO1 
Delta azimuth MCC 
Delta gamma MCC 
Delta ve loc i ty  MCC 

Class 
weight designator Dependent var iables  Minimum Maximum 

HT of pericynthion 40 n. m i .  100 n. m i .  1 0 
I N C L  of pericynthion goo 182O 64 0 
HT of Lunar o r b i t  I Step 2 k0.5 n. m i .  -- 
LAT of lunar  landing Nominal +o . 0l0 -- 
LONG of lunar landing Nominal +o. 0l0 -- 
AZM over lunar landing Nominal 20 .0l0 -c 1 

1 
1 

1 
s i t e  

s i t e  

Lower l i m i t :  
max (min AT Min AT ) 

~ DPS ’ sea 

D e l t a  t i m e  t o  node 0,125 0 

Upper l i m i t :  
min ( m a  AT max AT ) DPS ’ sea 

I N C L  of powered re turn  Oo 40’ 0.125 0 
Delta LONG of ear th  -0.2O +o. 02O -- 
HT of en t ry  Nominal k1.735 n. m i .  -- 
Mass after TEI  min = s t e p  2 + 3000 l b  = max -c -1 

1 

1 
landing 

Flow chart  1.- Continued. 
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Step 6 

Converge integrated TLMC by use of t h e  nodal state from s t e p  5 

Independent var iables  Value Step s i z e  Weight 

Scalar ve loc i ty  a t  t h e  node Step 5 9 1564 512 
Azimuth at t h e  node Step 5 (P 1564 512 
Longitude of the  node Step 5 9 1564 512 
Time of t h e  node Step 5 Not t r iggered 

Class 
designator Dependent v a r i  able s Minimum Maximum 

X 
Y 
Z 

Premidcourse posi t ion k0.657 n. m i ,  1 
Premidcourse posi t ion k0.657 n. m i .  1 
Premidcourse posi t ion k0.657 n. m i .  1 

c 

Step 7 
I 

Converge a precision t r a j e c t o r y  t o  t h e  node obtained i n  s t e p  5 

Independent var iables  Value Step s i z e  Weight 

Delta azimuth MCC Step 6 9 1544 512 
Delta gamma MCC Step 6 9 1544 512 
Delta ve loc i ty  MCC Step 6 9 1524 512 
Time  of t h e  node Step 5 Not t r iggered 

Dependent var iables  

1 
1 
1 

KT of node Step 5 k0.5 n. m i ,  -- 
LAT of node Step 5 50 * 0l0 -- 
LONG of node Step 5 20 .0l0 -- 
INCL of pericynthion 90° 182O 64 0 

d 
Flow chart  1.- Continued. 
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YES 

Flow chart 1.- Concluded. 
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Step 1 

1 

Option 5: Free o r b i t  nonfree-return BAP 

Independent var iab les  Value Step s i z e  

Scalar  ve loc i ty  at pericynthion ** . 9 1564 

Azimuth at  pericynthion 270' 9 1564 

Longitude at pericynthion *** 4 1564 

Time of pericynthion min[max DPS t i m e ,  MAX SEA t i m e ,  6(AT 

Weight 

512 

5 12 

5 12 

] Not t r iggered  

Dependent var iab les  Minimum M a x i m u m  Class designator I 
X 

Y 

Premidcourse k0.0657 n. m i .  1 

Premidcourse 20.0657 n. m i .  1 

Premidcourse 10.0657 n. m i .  1 

** computed as 
PC - .0022(6T) v = dl8406305 $ .5530824/~ 

*** computed as X = 3.1 - 0.25(611) 

Flow chart  2.- Free o r b i t  nonfree r e tu rn  BAP 

t 



Step 2 

Coverge a conic f u l l  mission ( s e l e c t  mode only) 

Independent var iab les  Value Step s i z e  Weight 

. .  
i 

Delta azimuth T E I  
Delta ve loc i ty  TEI 
Time ie lunar  o r b i t  
Delta t i m e  t o  1st pass 
Delta azimuth LO1 
Delta azimuth MCC 
Delta gamma MCC 
Delta ve loc i ty  MCG 

Dependent var iab les  Minimum 

0 
Nominal 
Nominal 
Nominal 

0 
Step 1 
Step 1 
Step 1 

9 1544 8 
9 1544 1 
9 15h4 10 -6 
0 1574 10-3 
0 1564 1 
9 1564 8 
9 1544 8 
0 1544 8 

Maximum Weight Class 
designator 

HT- of pericynthion 40 n. m i ,  100 n. m i .  1 
INCL of pericynthion POo 182O 64 
HT of lunar  o b r i t  Nominal k.5’ n. m i .  -- 
LAT of lunar  landing Nominal 5 .  0l0 -- 
EONG of lunar  landing Nominal k .0l0 c- 

AZM over lunar  land- Nominal k .0l0 -- 

s i t e  

s i t e  

ing s i t e  (MED 1 

Lower l i m i t :  
max(min AT Min ATsea) -2 h r  DPS ’ 

Delta time t o  node 0.125 

Upper l i m i t :  
, min(max AT DPS’ Max ATsea 1 +2 hr 

Transearth f l i g h t  
t i m e  

INCL of powered 

Delta long of 

HT of en t ry  

r e tu rn  

-earth.  landing 

(Nominal 
-6T) 

O0 

-0 .2O 

Nominal 

+8 h r  0.125 

40° 0.125 

+ 0 . 2 O  .-- 
11.735 n. m i .  -- 

0 
0 
1 
1 

1 

1 

0 

0 

0 

1 

1 

Flow chart  2.- Continued. 
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X 
Y 

~z 

Converge integrated TLMC by use of nodal state from s t e p  2 

Step 4 

Independent var iables  Value Step s i z e  Weight 

Scalar veloci ty  at t h e  node Step 2 9 1564 512 
Azimuth at t h e  node Step 2 9 1564 512 
Longitude of t h e  node Step 2 9 1564 512 
Time of t h e  node Step 2 Not t r iggered 

Dependent var iables  Minimum Maximum Class 
des i gnat or 

Premidcourse pos i t ion  20.657 n. m i .  
Premidcourse pos i t ion  k0.657 n. m i .  
Premidcourse posi t ion +0 ,657 n. m i .  

1 
1 
1 

Delta azimuth MCC 
Delta gamma MCC 
Delta veloci ty  MCC 
Time of t h e  node 

Step 3 9 1544 512 
Step 3 9 1544 512 
Step 3 9 1524 512 
S$ep Not t r iggered  

I Dependent var iables  I 
1 
1 
1 

HT of node Step 2 k0.5 n. m i .  -- 
LAT of node Step 2 +o .0l0 -- 
LONG of node Step 2 k0 . 0l0 -- 
INCL of pericynthion goo 182O 64 0 

I. c 1 

n 

s 

i 

Flow chart  2.- Continued. 
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I¶ A+,. Ai, 

P 
Store INT midcourse maneuver A i  

Store INT state a t  start of LO1 (S3I) 

Compute ve loc i ty  o f f s e t s  and f irst  guesses 

I 
I 

1 

For MCC o f f s e t ;  

S1 - premidcourse state 
SPC - conic postmidcourse state 
Ai,, A?,, Ai, - integrated midcourse correct ion 

( a )  s f  = s2c - A$ - A?,, ai, 
( b )  new first  guesses AV', Ay', A$? f o r  t he  MCC var iab les  

according t o  S2C = S '  (polar  form) + AV' + Ay' + A$' 

For LO1 o f f s e t ;  

S3C - conic state a t  t h e  start  of LO1 

S31 - INT s t a t e  a t  t h e  start  of LO1 

(c) Ak" = (S3I - S3C);; component 

'3' 'y component A?" = (S3I - 
A5'' = (S3I - S3C); coml?onent 

Flow chart  2.- Continued. 
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Step 5 

With conic t r a j e c t o r i e s ,  optimize mass after TEI by use'of S' as t h e  state 
vector  and by o f f s e t  of t h e  s t a t e  at  start of LO1 p r i o r  t o  computation 
of LO1 maneuver. 

, 

Independent variables Value Step s i z e  Weight 

Delta azimuth TEI 
Delta ve loc i ty  TEI 
Time i n  lunar  o r b i t  
Delta t i m e  t o  1st pass 
Delta azimuth LO1 
Delta azimuth MCC 
Delta gamma MCC 
Delta ve loc i ty  MCC 

Step 2 
Step 2 
Step 2 
Step 2 
Step 4 
A* l 

AY'  
AV l 

Dependent variables Minimum Maximum Weight Class 
de s i  gnat o r  

HT of pericynthion 40 n. m i .  100 n. m i .  1 0 
INCL of pericynthion goo 182O 64 0 

LAT of lunar landing Nominal fO * 0l0 -- 

LONG of lunar landing Nominal f0 . 0l0 -- 1 

AZM over lunar  landing MED MED 1 0 

1 
1 

-- HT of lunar  o r b i t  Step 2 k0.5 n. m i .  

s i t e  

s i te  

s i t e  

Lower l i m i t :  
m a x  (min ATDpS, Min ATsea) 

Delta t i m e  t o  node 0.125 0 

Upper l i m i t :  
min ( m a x  ATDps, max AT sea 

I N C L  of powered r e tu rn  0' 40° 0.125 0 
Delta LONG of ea r th  -0.2O +o .02O -- 
HT of en t ry  ' Nominal f1.735 n. m i .  -- 
Mass after TEI min = s t ep  2 + 3000 lb = rnax -- -1 

1 

1 
landing 

.Flow cha?t 2.- Continued. 

. 

,- 

v i  ,I 



Step 6 

X Premidcourse posit ion k0.657 n. m i .  1 
Y Premidcourse posi t ion kO.657 n. m i .  1 
Z Premidcourse posi t ion +O .657 n. m i .  1 

C 

Converge integrated TLMC by use of the  nodal state from s tep  5 

Independent var iables  Value Step s ize  Weight 

Scalar veloci ty  a t  the  node Step 5 9 1564 512 
Azimuth a t  t h e  node Step 5 CP 1564 512 
Longitude of the node Step 5 9 1564 512 
Time  of the  node Step 5 Not t r iggered 

Dependent var iables  Minimum Class 
de s ignat  or Maximum 

Converge a precision t r a j e c t o r y  t o  t h e  node obtained i n  s tep 5 

Independent var iables  Value Step s i z e  Weight 

Delta azimuth MCC Step 6 0 1544 512 
Delta gamma MCC Step 6 9 1544 512 
Delta veloci ty  MCC, Step 6 CP 1524 512 
T i m e  of the  node Step 5 Not t r iggered 

Dependent var iables  I 
1 
1 
1 

HT of node Step 5 +0.5 n. m i .  -- 
U T  of node Step 5 +o .0l0 -- 
LONG of node Step 5 20. 0l0 c- 

INCL of pericynthion 90° 182O 64 0 
1 

Flow chart  2.- Continued. 

I 
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Flow chart  2.- Concluded. 
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